is a serious insect pest office in South and Southeast Asia, causing direct damage by the removal of plant sap and indirect damage as a vector of the rice (Oryza sativa L.) virus diseases, grassy stunt and ragged stunt (Ling et al., 1978). Losses in the 1970s amounted to about 300 million U.S. dollars (Dyck and Thomas, 1979). The increased incidence of this insect is generally attributed to the reduced genetic variability of short-statured, high-yielding cultivars, continuous cropping office, use of high levels of nitrogenous fertilizers, and insecticides that induce brown planthopper resurgence (Kenmore et al., 1984).
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HE brown planthopper [Nilaparvata lugens (Stal)]
is a serious insect pest office in South and Southeast Asia, causing direct damage by the removal of plant sap and indirect damage as a vector of the rice (Oryza sativa L.) virus diseases, grassy stunt and ragged stunt (Ling et al., 1978) . Losses in the 1970s amounted to about 300 million U.S. dollars (Dyck and Thomas, 1979) . The increased incidence of this insect is generally attributed to the reduced genetic variability of short-statured, high-yielding cultivars, continuous cropping office, use of high levels of nitrogenous fertilizers, and insecticides that induce brown planthopper resurgence (Kenmore et al., 1984) .
Cultivar resistance has been increasingly recognized as being the most desirable and economic control tactic in the management of brown planthopper. High levels of resistance to brown planthopper in rice cultivars have been identified at the International Rice Research Institute (IRRI) and several resistant cultivars with the bph 2 gene for resistance such as 'IR36' and 'IR42' were released and are widely cultivated in the Philippines and Indonesia (Khush, 1984) . The resistance of IR42 was reported to have "broken down" in Indonesia due to the development of a new biotype (Oka and Bahagiawati, 1984) and 'IR56' with the Bph 3 gene was released.
Genetic analyses of resistance to brown planthopper in rice cultivars have been conducted at IRRI using the conventional seedbox screening test and four genes for resistance were identified. These genes were designated as Bph 1, bph 2, Bph3, and bph 4 (Khush, 1984) .
Because of the development of new biotypes on vertically resistant cultivars, the present breeding strategy at IRRI is to incorporate field resistance into rice cul- tivars having vertical resistance so that they will have stable resistance to brown planthopper. In this paper, we are using Russell's (1978) definition of field resistance, where the level of resistance increases with plant age regardless of whether measurement of levels of resistance are made under laboratory, greenhouse, or field conditions. Panda and Heinrichs (1983) reported on rice cultivars having field resistance to brown planthopper. The cultivars 'IR46', 'Triveni', and 'Utri Rajapan' were rated as susceptible to Biotype 2 in the conventional seedbox screening of 7-day old seedlings but were resistant to the same biotype as older plants under field conditions. Utri Rajapan also has resistance to ragged stunt and tungro virus (Panda et al., 1984) and field resistance to the whitebacked planthopper [Sogatellafurcifera (Horvath)] (Heinrichs Panda, unpublished data).
Because the conventional seedbox screening test is mostly qualitative, cultivars with moderate levels of resistance are often graded as susceptible. The conventional test was modified to identify cultivars with moderate levels of resistance and cultivars in which the level of resistance increases as plants pass beyond the seedling stage. The modified test was evaluated in an international collaborative study (Medrano et al., 1987) . This study indicated that field resistant cultivars are resistant to all brown planthopper biotypes through South and Southeast Asia (Medrano et al., 1987) . It is hoped that this type of resistance will be of a more stable type. This paper presents the genetic analyses for field resistance to brown planthopper in Utri Rajapan and Triveni. Utri Rajapan is a traditional cultivar from Indonesia and Triveni is a traditional cultivar from India.
MATERIALS AND METHODS
Utri Rajapan and Triveni were crossed to 'Taichung Native l' ('TNI'), a high-yielding dwarf cultivar from Taiwan that is highly susceptible to brown planthopper. Test cultivars were used as male parents, and TN1 was used as the female parent. Ten plants of each cross were grown to maturity in a soil bed. A random sample of F2 seeds from three F~ plants was used to study the reaction to brown planthopper. The remaining seeds from Fl plants were used to grow F2 populations in the field. One-hundred and fifty plants were harvested at random from each F2 population to determine the reaction of F~ progenies. The F~, F2, and Fp rogenies of these crosses were evaluated for resistance to brown planthopper Biotype 2 to determine the mode of inheritance of resistance. Crosses between the two resistant cultivars were also made. The F~, F2, and F~ progenies of these crosses were similarly tested for their reaction to brown planthopper to establish the allelic relationship of the resistance gene. The field resistant cultivars were rated as susceptible in the conventional seedbox test where 7-day old seedlings were each infested with eight second-instar nymphs and damage rating was done 7 days after infestation. The conventional seedbox screening test was thus modified to provide for an efficient method of identifying field resistant cultivars in the CROP SCIENCE, VOL. 27, MARCH-APRIL 1987 greenhouse. The modified seedbox test was used to test the reaction of hybrid materials to the insects. The modified test differs from the conventional test in that plants are older at time of insect infestation and fewer brown planthoppers per seedling are infested. In addition, the progeny, rather than the initial source of infestation are the insects that cause the plant damage. The method consists of sowing seed in wooden seedboxes (60 X 45 X 10 cm). Each seed box had 14, 45-cm long rows. Twelve rows were planted with test materials. The remaining rows were planted with Utri Rajapan as the resistant check for the cross involving TNl/Utri Rajapan and TN1 as the susceptible check. Triveni was used as the resistant check for the cross involving TN1/Triveni and TN1 again as the susceptible check.
The seedlings of each seedbox were fertilized with 25 mL of a 20% solution of NH 4 SO 4 in water at 15 and 30 days after sowing (DS). At 20 DS each seedling was infested with four second-instar brown planthopper Biotype 2 nymphs reared on 'Mudgo' (Bph 1 gene).
The reactions of test materials were recorded when all of the susceptible check (TN1) plants were killed, about 25 to 30 days after infestation. At this time resistant plants exhibited little or no damage. The parents, and F, and F 2 populations were rated on a plant basis and were classified as resistant or susceptible. The F 3 lines were derived by randomly selecting F 2 's. The F 3 lines, were classified as either homozygous resistant, segregating, or homozygous susceptible.
RESULTS AND DISCUSSION
The reactions of the F,, F 2 , and F 3 progenies from the crosses of TNl/Utri Rajapan and TNl/Triveni are shown in Table 1 . The parents, Utri Rajapan and Triveni, were resistant and the F, progenies from the crosses were susceptible, thereby indicating that resistance is governed by a recessive gene(s). The F 2 populations from the crosses of TN1 with Utri Rajapan and Triveni segregated in the ratio of 7 resistant: 9 susceptible. These ratios suggest that the resistance in the two cultivars is conditioned by two recessive genes. The F 3 families from these crosses segregated in the ratios of 7 resistant:8 segregating:! susceptible, which confirms that two independently inherited genes govern resistance in these cultivars.
The F b F 2 , and F 3 populations of the cross Utri Rajapan/Triveni were studied to determine the allelic relationships of the resistance genes. The FI hybrids, and F 2 and F 3 populations were resistant, suggesting that the two recessive genes that govern resistance to brown planthopper in Utri Rajapan and Triveni are allelic to each other.
Utri Rajapan is being utilized as a donor for incorporating field resistance to brown planthopper, whitebacked planthopper, ragged stunt, and tungro virus (Khush, unpublished data). Incorporation of field resistance into cultivars having vertical resistance to brown planthopper is most desirable. If biotypes virulent to vertical resistance genes develop, field resistance will protect the crop from drastic yield losses as the field resistance will be effective against the new biotype.
